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EP 0 666 099 B1 

Description 

[0001] This invention relates to purification of an industrial exhaust gas by removal of nitrogen oxides therefrom. 
More particularly, it relates to the purification of the industrial exhaust gas emanating as from a.boiler, a power generation 
5 plant, an industrial plant, or an internal combustion engine like a gasoline or diesel engine by the removal of nitrogen 
oxides therefrom. 

BACKGROUND ART 

w [0002] In recent years, the exhaust gases such as are emanating from internal combustion engines of automobiles, 
boilers, or industrial plants contain noxious substances such as nitrogen oxides (hereinafter occasionally referred to 
collectively as "NO x ") which form the cause for air pollution. Generally, the NO x are not easily reduced or decomposed 
in an oxidizing atmosphere (the atmosphere embracing the exhaust gas and having an oxygen supply more than 
necessary for complete combustion of the unburnt portion of the fuel entrained in the exhaust gas). As a result, the 

15 removal of the NO x from the exhaust gas is attained only with difficulty. Thus, the removal of NO x from a varying exhaust 
gas has been the subject of a scientific study in various fields. 

[0003] For the purification of the exhaust gas from automobiles, it has been heretofore customary to adopt the method 
of treating the exhaust gas with a three-way catalyst thereby simultaneously removing NO x , hydrocarbons (HC), and 
carbon monoxide (CO). By this method, the atmosphere of the exhaust gas to be treated is in the neighborhood of 

20 stoichiometry (which is the theoretical air-fuel ratio, namely the ratio of air required for complete combustion of the 
fuel). When the internal combustion engine is operated with the air introduced in an amount in excess of this theoretical 
air-fuel ratio, the oxygen is present at the site of treatment more than necessary for complete combustion of the unburnt 
portions such as of hydrocarbons and carbon monoxide in the exhaust gas. In the exhaust gas present in the oxidizing 
atmosphere of this kind, therefore, it is difficult to reduce, decompose, and remove the NO x . 

25 [0004] In respect to the diesel engines, boilers, etc., it is general to use a reducing agent such as ammonia, hydrogen, 
or carbon monoxide. This method, however, entails the problem of necessitating a special device for recovering and 
disposing of the unaltered portion of the reducing agent. It, therefore, cannot be effectively applied easily to a small 
NO x generating sources such as engines in automobiles or cogeneration systems in buildings. Particularly in the re- 
moval of NO x of a relatively low concentration, this method operates with notably low efficiency. 

30 [0005] Recently as a means for the removal of NO x , the method resorting to use of a NO x decomposing catalyst 
made of a copper ion-containing crystalline aluminosilicate has been proposed (as in JP-A-60-1 25,250, US-A- 
4,297,328, etc.). This method is depicted therein simply as being capable of decomposing nitrogen monoxide (NO) 
into nitrogen (N 2 ) and oxygen (0 2 ). It does not easily obtain effective removal of NO x from the exhaust gas which 
emanates under actual conditions. Further, it is known that aluminosilicates are generally so deficient in resistance to 

35 heat as to offer no infallible use at elevated temperatures. 

[0006] JP-A-63-100,919 has a mention to the effect that when the exhaust gas is treated with a copper-containing 
catalyst under an oxidizing atmosphere in the presence of a hydrocarbon, the reaction of the exhaust gas proceeds 
preferentially with the hydrocarbon and, therefore, the removal of NO x . is obtained with high efficiency. It is remarked 
that the hydrocarbon to be used in this method may be either the hydrocarbon which is contained per se in the exhaust 

40 gas or the hydrocarbon which is added as occasion demands from an external source. Specifically, this method is 
carried out by first bringing the exhaust gas into contact with the copper-containing catalyst thereby removing NO x 
therefrom and then causing the residual exhaust gas to contact an oxidizing catalyst thereby removing hydrocarbons, 
carbon monoxide, etc. If the exhaust gas to be treated by this method happens to have an unduly low hydrocarbon 
content, the method will necessitate continuous introduction of the hydrocarbon into the exhaust gas. Further, in the 

45 oxidizing atmosphere, since the combustion of HC proceeds preferentially over the reaction of the hydrocarbon with 
NO x , thorough removal of the NO x from the exhaust gas requires the hydrocarbon to be introduced in a large amount. 
[0007] JP-A-04-250,822 discloses a method for purifying such an NO x -containing air as generated in a tunnel by 
passing the air through an absorption tower thereby effecting absorption and concentration of the NO x and then intro- 
ducing the separated NO x into a reaction tower packed with an NO x reducing catalyst. This method requires two devices, 

so the one for absorption and the other for reduction of the NO x . 

[0008] EP-A-0.507.590 discloses a method for the removal of nitrogen oxides from an exhaust gas with a catalyst 
having the same composition as set out in present claim 1 while fluctuating the air-fuel (A/F) ratio to +/- 1 .0 at 1 Hz 
over a range between 15.1 and 14.1. 

[0009] A method which is capable of efficiently decomposing and removing the NO x from the exhaust gas and ena- 
55 bling a catalyst to manifest excellent durability to tolerate high temperatures and ideal packability in a reactor remains 
yet to be developed. Such is the existing state of the art. 

[0010] An object of this invention, therefore, is to provide a method which is capable of efficiently removing NO x from 
exhaust gas in an oxidizing atmosphere while precluding the drawbacks mentioned above. 



2 



EP0 666 099 B1 



DISCLOSURE OF INVENTION 

[001 1] The object described above is accomplished by a method for the removal of nitrogen oxides from an exhaust 
gas characterized by causing the exhaust gas in an oxidizing atmosphere to contact a catalyst comprising a refractory 

5 inorganic oxide and catalytically active components, the components comprising 0.1 to 30 g as metal per liter of the 
catalyst of at least one noble metal selected from the group consisting of platinum, palladium, rhodium, and ruthenium 
or a compound of the noble metal and 1 to 80 g as metal per liter of the catalyst of at least one metal selected from 
the group consisting of lithium, potassium, sodium, rubidium, cesium, beryllium, magnesium, calcium, strontium, and 
barium or a compound of the metal, thereby inducing the catalyst to adsorb thereon the nitrogen oxides in the exhaust 

10 gas and, subsequently introducing a reducing substance intermittently into the exhaust gas thereby purifying the ex- 
haust gas by reducing the nitrogen oxides adsorbed on the catalyst. 

[0012] This invention further contemplates the method mentioned above, wherein as the component at least one 
heavy metal selected from the group consisting of manganese, copper, cobalt, molybdenum, tungsten, and vanadium 
or a compound of the heavy metal is further contained in an amount in the range of 0.1 to 50 g per liter of the catalyst. 

15 This invention also contemplates the method mentioned above, wherein the catalyst has a capacity for adsorbing the 
nitrogen oxides to saturation in the range of 6 to 30 m.mols per liter of the catalyst. This invention contemplates the 
method mentioned above, wherein the introduction of the reducing substance to the exhaust gas is effected by intro- 
ducing a gas containing the reducing substance in an amount of 1 to 10 mols per mol of the nitrogen oxides (as NO) 
adsorbed on the catalyst for a period in the range of 0. 1 to 20 seconds at intervals of 7 seconds to 60 minutes, preferably 

20 7 seconds to 20 minutes. This invention further contemplates the method mentioned above, wherein the introduction 
of the reducing substance is effected before the amount of nitrogen oxides adsorbed on the catalyst reaches 50% of 
the capacity of the catalyst for adsorbing nitrogen oxides to saturation. This invention also contemplates the method 
mentioned above, wherein the exhaust gas is that from an internal combustion engine. This invention further contem- 
plates the method mentioned above, wherein the introduction of the reducing substance into the exhaust gas is ac- 

25 complished by lowering the air to fuel ratio in the suction system of the internal combustion engine. This invention also 
contemplates the method mentioned above, wherein the introduction of the reducing substance into the exhaust gas 
is accomplished by setting the air to fuel ratio in the suction system of the internal combustion engine at a theoretical 
level or an air-rich level. This invention further contemplates the method mentioned above, wherein the reducing sub- 
stance is introduced into the exhaust gas from an external source. 

30 [001 3] The object described above is further accomplished by a method for the removal of nitrogen oxides from an 
exhaust gas characterized by installing on the upstream side of the flow of the exhaust gas a catalyst comprising 50 
to 400 g per liter of the catalyst of a refractory inorganic oxide and catalytically active components, the components 
comprising 0.1 to 30 g as metal per liter of the catalyst of at least one noble metal selected from the group consisting 
of platinum, palladium, rhodium, and ruthenium or a compound of the noble metal and 1 to 80 g as metal per liter of 

35 the catalyst of at least one metal selected from the group consisting of lithium, potassium, sodium, rubidium, cesium, 
beryllium, magnesium, calcium, strontium, and barium or a compound of the metal and, at the same time, installing an 
oxidizing catalyst or a three-way catalyst on the downstream side of the flow of the exhaust gas. 
[0014] The object described above is also accomplished by a method for the removal of nitrogen oxides from an 
exhaust gas characterized by installing on the upstream side of the flow of the exhaust gas a catalyst comprising 50 

40 to 400 g per liter of the catalyst of a refractory inorganic oxide and catalytically active components, the components 
comprising 0.1 to 30 g as metal per liter of the catalyst of at least one noble metal selected from the group consisting 
of platinum, palladium, rhodium, and ruthenium or a compound of the noble metal, 1 to 80 g as metal per liter of the 
catalyst of at least one metal selected from the group consisting of lithium, potassium, sodium, rubidium, cesium, 
beryllium, magnesium, calcium, strontium, and barium or a compound of the metal, and 0.1 to 50 g per liter of the 

45 catalyst of at least one heavy metal selected from the group consisting of manganese, copper, cobalt, molybdenum, 
tungsten, and vanadium or a compound of the heavy metal and, at the same time, installing an oxidizing catalyst or a 
three-way catalyst on the downstream side of the flow of the exhaust gas. 

[0015] This invention further contemplates the method mentioned above, wherein the oxidizing catalyst comprises 
0.1 to 10 g per liter of the catalyst of at least one noble metal selected from the group consisting of platinum and 

so palladium and 1 0 to 300 g per liter of the catalyst of a refractory oxide. 

[0016] This invention also contemplates the method mentioned above, wherein the oxidizing catalyst further com- 
prises 0.1 to 150 g per liter of the catalyst of at least one oxide of an element selected from the group consisting of 
rare earth elements, nickel, cobalt, and iron. This invention contemplates the method mentioned above, wherein the 
three-way catalyst comprises 10 to 300 g per liter of the catalyst of a refractory inorganic oxide and catalytic compo- 

55 nents, the components comprising 0.1 to 10 g as metal per liter of the catalyst of noble metal(s) selected from the 
group consisting of (a) palladium, (b) platinum and rhodium, (c) palladium and rhodium, and (d) platinum, palladium, 
and rhodium and 10 to 150 as Ce0 2 per liter of the catalyst of ceria. This invention further contemplates the method 
mentioned above, wherein the three-way catalyst further comprises 0.1 to 50 g as oxide per titer of the catalyst of at 
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least one member selected from the group consisting of zirconia and rare earth elements except for cerium. This 
invention also relates to a method for the removal of nitrogen oxides from an exhaust gas characterized by installing 
a three-way catalyst or an oxidizing catalyst on the upstream side of the exhaust gas, a catalyst for the removal of the 
nitrogen oxides next thereto, and a three-way catalyst or an oxidizing catalyst on the downstream side. 

5 

BRIEF DESCRIPTION OF DRAWINGS 

[001 7] Fig. 1 is a schematic diagram illustrating an apparatus for experimenting a method for the removal of nitrogen 
oxides according to this invention. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0018] First, the principle of this invention will be described. In this invention, an exhaust gas containing NO x is 
brought into contact with a component manifesting an oxidizing activity in an oxidizing atmosphere so that NO, N 2 0, 

15 etc. which are generally present at high proportions in the NO x components of the exhaust gas are oxidized or activated 
into N0 2 - The N0 2 thus resulting from the oxidation or activation is then adsorbed on a component possessing an N0 2 
adsorbing ability. By introducing a reducing substance instantaneously into the exhaust gas enveloping the NO x ac- 
cumulated on the adsorbent component, the adsorbed NO x is reduced or decomposed to complete the removal of 
NO x , It is the catalyst contemplated by this invention that discharges the function of reducing or decomposing the NO x . 

20 [0019] The reducing substances which are effectively usable in this invention include hydrocarbons, alcohols, urea 
and other similar organic substances, and ammonia and other similar inorganic substances, for example. As examples 
of particularly preferable reducing substances, the hydrocarbons may be saturated, unsaturated, linear, or branched 
hydrocarbons. They may be in a gaseous or liquid state at normal room temperature. The hydrocarbons which assume 
a gaseous state at normal room temperature are hydrocarbons having a carbon chain of C-j to C 4 and those which 

25 assume a liquid state at normal room temperature are hydrocarbons having a carbon chain of C 5 to C 20 . As occasion 
demands, such mixtures of hydrocarbons as gasoline, kerosene, and gas oil may be used. Likewise, the aforemen- 
tioned alcohols may be saturated, unsaturated, linear, or branched alcohols. They have a carbon chain of to C 6 . 
They may be dihydric or trihydric alcohols besides monohydric alcohols. The inorganic substances may be hydrogen 
and carbon monoxides besides ammonia. 

30 [0020] The amount of the reducing substance to be introduced into the exhaust gas is preferable to be in the range 
of 1 to 10 mols, preferably 1 to 5 mols, as reducing substance per mol (as NO) of the nitrogen oxides adsorbed on the 
catalyst. This amount is computed based on one molecule of the reducing substance when the reducing substance is 
an inorganic substance or on one carbon atom thereof when the reducing substance is an organic substance. 
[0021] This reducing substance generally is desired to be introduced in a gaseous state onto the catalyst. If the 

35 reducing substance is in a liquid state, however, it may be directly introduced in a sprayed state onto the catalyst with 
the aid of a nozzle, for example. 

[0022] If the amount of the reducing substance to be introduced is less than 1 mol on the molar ratio defined above, 
the effect of the invention is not fully manifested. Conversely, if this amount exceeds 10 mols, the excess supply pro- 
duces an unaltered portion of the reducing substance and poses a problem of disposal of the unaltered reducing 
40 substance, although the effect of the invention itself is infallibly manifested. The upper limit imposed on the introduction 
of the reducing agent, however, may shift within some extent, since the reducing agent treating activity of the catalyst 
is also concerned with the disposal. 

[0023] While the aforementioned magnitude is expressed on the basis of the molar ratio of the reducing substance 
when the reducing substance is an inorganic substance, it is expressed on the basis of the number of carbon atoms 
45 of the reducing substance when the reducing substance is an organic substance. When the reducing substance hap- 
pens to be urea, the magnitude expressed as 2 mols of ammonia is adopted. 

[0024] The determination of the amount of the adsorbed nitrogen oxides may be attained, for example, by carrying 
out a preparatory experiment as described below. To be specific, this amount can be determined either directly in a 
given internal combustion engine operated under the conditions for working the method of this invention or indirectly 

50 in a desk-top apparatus adapted to simulate the temperature, composition, flow volume, etc. of the exhaust gas em- 
anating from the internal combustion engine. Now, the procedure for the determination is shown below. First, in an 
exhaust gas pipe having nitrogen oxide analyzing meters disposed one each in front of and behind the prospective 
site for a catalyst bed, a catalyst conforming to this invention is packed in a prescribed amount to form the catalyst 
bed. Then, a mixed gas of oxygen and nitrogen set at the same temperature and flow volume as those of a given 

55 exhaust gas under the working conditions of the catalyst is passed through the apparatus until this apparatus is fully 
stabilized. Thereafter, a gas containing nitrogen oxides at a concentration under the working conditions of the catalyst 
is introduced instead of the mixed gas into the catalyst bed. The nitrogen oxide concentrations are measured contin- 
uously with the analyzing meters until the scale reading of the analyzing meter disposed behind the catalyst bed ceases 
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to vary. Each momentary differences between the nitrogen oxide concentrations before and after the catalyst bed are 
integrated and the integrated amount is recorded as the amount of nitrogen oxides adsorbed on the catalyst. 
[0025] The catalyst possibly has an ability to decompose nitrogen oxides during the measurement of the amount of 
nitrogen oxides to be adsorbed thereon. If the catalyst in use happens to possess this ability, the determination of the 
s amount of adsorption cannot be based on the concentration of nitrogen oxides found in front of the catalyst bed. In 
this case, therefore, the amount of adsorption is computed, though in the same manner as described above, on the 
basis of the constant concentration of nitrogen oxides found behind the catalyst bed during the measurement of the 
amount of adsorption in the place of the concentration found in front of the catalyst bed. 

[0026] When the reducing agent is intermittently introduced, the amount of the reducing agent to be introduced may 
*0 be suitably selected in due consideration of the flow volume and flow rate of the exhaust gas, the concentration of the 
nitrogen oxides in the exhaust gas, and the capacity of the catalyst for adsorbing nitrogen oxides. It is preferable to 
introduce the reducing agent to the catalyst bed before the catalyst has adsorbed nitrogen oxides to saturation. This 
introduction before the saturation of adsorption is attained by preparatorily computing the amount of nitrogen oxides 
in the exhaust gas per unit time based on the flow volume and flow rate of the exhaust gas and the concentration of 
15 nitrogen oxides therein, estimating the maximum length of time within which the amount of nitrogen oxides adsorbed 
on the catalyst does not reach the level of saturation, and continuing the introduction of the reducing agent until the 
time expires. 

[0027] The adsorption prior to reaching this state of saturation is preferable to be in the range of 5% to 90%, preferably 
15% to 80%, of the saturated amount of adsorption. More preferably, it is in the range of 15% to 48%. If the amount 

20 of adsorption is less than 5%, the frequency of introducing the reducing agent must be increased possibly to the extent 
of jeopardizing the operating conditions of the apparatus. Conversely, if this amount exceeds 90%, on account of the 
approximation thereof to the saturated amount of adsorption, the adsorption of nitrogen oxides does not easily proceed 
and the amount of nitrogen oxides suffered to pass through the catalyst is consequently increased so much as to 
diminish the effect of this invention. 

25 [0028] The reducing agent, depending on the quality thereof, has the possibility of being oxidized with the oxygen 
in the air and consequently prevented from manifesting an effect commensurate with the amount of its introduction. In 
this case, the deficiency is preferable to be compensated by preparatorily measuring the susceptibility of the reducing 
agent to the oxidation under the working conditions thereof as by use of an inert carrier and increasing the amount of 
the reducing agent being introduced proportionately to the degree of the susceptibility found as above. 

30 [0029] The reducing substance may be introduced at any time when the result of actual measurement as mentioned 
above reaches an appropriate level, with an amount correlative to the level. Alternatively, as a convenient procedure, 
the reducing substance can be introduced with a prescribed time and amount schedule determined by repiating the 
former procedure suitable times, averaging the results of the mesurements, and deciding the amount of the reducing 
substance correlative to the average. 

35 [0030] Preferably, the reducing agent for use in this invention is introduced at intervals in the range of 7 seconds to 
60 minutes, preferably in the range of 1 0 seconds to 20 minutes. If the intervals are less than 1 0 seconds, the frequency 
of introduction will be so high as to force a sacrifice of efficiency or economy. Conversely, if they exceed 60 minutes, 
the capacity of the catalyst of this invention for adsorption of NO x will be surpassed possibly to the extent of bringing 
about an adverse effect on the purification of the exhaust gas by the removal of NO x . 

40 [0031] The duration of this introduction is in the range of 0.1 to 20 seconds, preferably 1 to 10 seconds. If this duration 
is less than 0.1 second, thorough removal of the adsorbed NO x will not be possibly obtained. If it exceeds 20 seconds, 
the disadvantage arises that the reducing substance will possibly fail to operate effectively. 

[0032] Incidentally, the intervals of the introduction and the duration of the introduction of the reducing substance 
which are specified above as preferable for this invention are variable to a certain extent due to the kind of the catalyst 

45 to be used. They may be suitably varied, therefore, within the ranges mentioned above. 

[0033] In the method of this invention, the NO x adsorbed on the catalyst in consequence of oxidation or activation 
is concentrated in an activated state on the catalyst as compared with the conventional method and, therefore, can be 
reduced by the catalyst with high selectivity unlike the method which comprises continuous introduction of the reducing 
agent. Thus, the method of this invention affords a saving in the total amount of the reducing agent to be introduced 

so at all. The continued introduction of the reducing agent has the possibility of barring the oxidation or adsorption of the 
NO x and rather degrading the efficiency of purification of the exhaust gas by the removal of NO x . In the suction system 
of the internal combustion engine, the NO x accumulated therein can be removed by instantaneously decreasing the 
amount of air being aspirated or supplying the fuel in an excess amount thereby enabling the exhaust gas to form a 
reducing atmosphere. By repeating the cycle described above, the removal of the NO x from the exhaust gas can be 

55 carried out continuously. 

[0034] More preferably, the reducing substance is introduced under conditions such that the catalyst will adsorb NO x 
thereon while the exhaust gas is in the state of containing excess air and, during the conversion of the adsorbed NO x 
into less harmful substances, the oxygen concentration during the introduction of the reducing agent will be lowered 
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to the extent of allowing the reaction of the accumulated nitrogen oxides with the reducing agent to proceed more 
readily than the oxidation of the reducing agent. Thus, the removal of the accumulated nitrogen oxides can be carried 
out more efficiently. 

[0035] The exhaust gas to which the method of this invention is applied is not particularly limited. The method is 
5 effective when the exhaust gas to be treated forms an atmosphere of excess oxygen containing NO x in the range of 
1 to 5,000 ppm. It is more effective when the exhaust gas forms an atmosphere of excess oxygen containing NO x in 
the range of 100 to 3,000 ppm. The conventional method suffices when the exhaust gas to be treated does not form 
an oxidizing atmosphere. If the NO x content is less than 1 ppm, the adsorption side will be at a disadvantage from the 
stoichiometric standpoint of adsorption. If it exceeds 5,000 ppm, the disadvantage will arise that the introduction of the 
w reducing substance must be frequently carried out. This invention does not require the presence of an oxidizing at- 
mosphere throughout the entire period of the purification of the exhaust gas. It can be effectively utilized even where 
an oxidizing atmosphere and a reducing atmosphere are alternated repeatedly. 

[0036] This invention in principle is capable of accomplishing the removal of NO x from the exhaust gas under treat- 
ment without reference to the NO x concentration in the exhaust gas. When the exhaust gas under treatment contains 

'5 nitrogen oxides at a high concentration, the duration of introduction of the reducing agent or the duration of impartation 
of a reducing atmosphere to the exhaust gas must be shortened. For this invention, the space velocity (S.V.) of the 
exhaust gas under treatment relative to the catalyst bed is preferable to be in the range of 1 ,000 to 300,000/hr, preferably 
1 0,000 to 200,000/hr. If the space velocity exceeds 300,000/hr, the catalyst will manifest ample reactivity with difficulty. 
Conversely, if it falls short of 1 ,000/hr, the catalyst will have to be increased in volume and, moreover, the diffusion in 

20 the flow path of gas will bring about the influence of nullifying the effect of intermittently introducing the reducing sub- 
stance or imparting a reducing atmosphere to the exhaust gas. 

[0037] The catalyst to be used in this invention comprises (A) catalytically active components composed of (a) 0.1 
to 30 g as metal per liter of the catalyst of at least one noble metal selected from the group consisting of platinum, 
palladium, rhodium, and ruthenium or a compound of the noble metal and (b) 1 to 80 g as metal per liter of the catalyst 

25 of at least one alkali or alkaline earth metal selected from the group consisting of lithium, potassium, sodium, rubidium, 
cesium, beryllium, magnesium, calcium, strontium, and barium or a compound of the metal and (B) a refractory inorganic 
oxide and optionally further comprises as another catalycally active component 0.1 to 50 g per liter of the catalyst of 
at least one heavy metal selected from the group consisting of manganese, copper, cobalt, molybdenum, tungsten, 
and vanadium or a compound of the heavy metal. 

30 [0038] In the components mentioned above, such noble metals as platinum, palladium, rhodium, and ruthenium, 
particularly platinum and/or palladium, are effective in oxidizing NO x in an oxidizing atmosphere. These noble metals 
function to reduce and decompose NO x in the presence of a reducing substance or in a reducing atmosphere besides 
functioning to oxide NO x in an oxidizing atmosphere. By using these noble metals, therefore, the oxidation or activation 
of NO x in an oxidizing atmosphere and the removal of the adsorbed NO x , particularly N0 2 , due to the intermittent 

35 introduction of a reducing substance or in a reducing atmosphere can be carried out with high efficiency. The amount 
of such a noble metal to be used is in the range of 0.1 to 30 g, preferably 0.5 to 5 g, as metal per liter of the catalyst. 
If this amount is less than 0.1 g, the oxidation of NO x will not easily proceed and the amount of NO x to be adsorbed 
will be unduly small and the reduction and removal of the adsorbed NO x will not be amply effected. Conversely, if it 
exceeds 30 g, the excess noble metal will produce no proportionate addition to the effect of noble metal and will increase 

40 the cost of material possibly to the extent of impairing the economy of the operation. 

[0039] As the component for adsorbing the oxidized and activated NO x , particularly N0 2 , alkali metals such as lithium, 
sodium, potassium, rubidium, and cesium or compounds thereof and/or alkaline earth metals such as magnesium, 
calcium, strontium, and barium or compounds thereof, particularly the compounds of alkali metals, are effectively used. 
The amount of this component to be used is in the range of 1 to 80 g, preferably 5 to 50 g, as metal per liter of the 

45 catalyst. If this amount is less than 1 g, the component acquires no sufficient capacity for adsorption of NO x and, 
therefore, manifests an unduly low capacity for treatment of NO x . Conversely, if the amount exceeds 80 g, the capacity 
for treatment of NO x will be degraded because the basicity grows fairly strong possibly to the extent of enhancing the 
fast adsorption of NO x , the extent of curbing the oxidation of NO x and the reduction of NO x by the noble metal. Among 
other alkali metals mentioned above, potassium and sodium prove particularly preferable. In this specification, the 

50 amount of the alkali metal mentioned above will be indicated as reduced to metal unless otherwise specified. 

[0040] The purification of the exhaust gas by the removal of NO x can be carried out with greater efficiency when at 
least one metal selected from the group consisting of manganese, copper, cobalt, molybdenum, tungsten, and vana- 
dium or a compound of the metal is used as another catalytically active component in addition to the components 
mentioned above. This catalytically active component is thought to play the part of promoting the oxidation and ad- 

55 sorption of NO x in an oxidizing atmosphere and/or promoting the reduction and decomposition of the adsorbed NO x 
in the presence of a reducing agent or in an oxidizing atmosphere. 

[0041] The amount of this component to be used is in the range of 0.1 to 50 g, preferably 1 to 20 g, per liter of the 
catalyst. If this amount is less than 0.1 g, neither the adsorption of nitrogen oxides nor the reduction of the adsorbed 
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NO x will be amply promoted. Conversely, if the amount exceeds 50 g, the excess component will not bring about any 
proportionate addition to the capacity for NO x adsorption or the capacity for NO x reduction. 

[0042] As the refractory inorganic oxide, any of the inorganic oxides which are generally used as carriers for catalysts 
can be adopted. As typical examples of these inorganic oxides, a-alumina, y-, n~. or e-activated alumina, titania, 

5 zirconia, ceria, lanthana, or silica, mixtures thereof, and complex oxides may be cited. The amount of the refractory 
inorganic oxide to be used is in the range of 50 to 400 g, preferably 100 to 300 g, per liter of the catalyst. The weight 
of the oxide will be computed based on stable oxide unless otherwise specified. The refractory inorganic oxide is 
generally in a powdery form. The Brunauer-Emmett-Teller (hereinafter referred to as "BET") surface area of the oxide 
is in the range of 10 to 400 m 2 /g, preferably 50 to 300 m 2 /g. 

w [0043] For the purpose of enabling the adsorption and oxidation of NO x to proceed continuously with high efficiency, 
the oxidizing component, the adsorbing component, and the auxiliary component of the catalyst are preferable to be 
carried in a homogeneously mixed state on the refractory inorganic oxide instead of being locally distributed. 
[0044] In this invention, the mixture comprising the catalytically active components and the refractory inorganic oxide, 
in the actual treatment of the exhaust gas, is used in the unmodified powdery form, in the molded form thereof such 

15 as pellets or honeycombs, or in the coating form to a three-dimensional structure base. Among other forms mentioned 
above, the form using the three-dimensional structure for coating proves particularly preferable. As typical examples 
of the three-dimensional structure, pellets and honeycomb carriers may be cited. Among other three-dimensional struc- 
tures, monolithically molded honeycomb structures prove particularly preferable. As typical examples of the monolith- 
ically molded honeycomb structures, monolithic honeycomb carriers, metal honeycomb carriers, and plug honeycomb 

20 carriers may be cited. 

[0045] The monolithic carriers may be any of those which are generally called the ceramic honeycomb carriers. 
Particularly, the honeycomb carriers which are made of such materials as cordierite, mullite, a-alumina, zirconia, titania, 
titanium phosphate, aluminum titanate, bellite, spodumene, aluminosilicate, and magnesium silicate prove preferable. 
Among other examples cited above, the honeycomb carriers made of cordierite prove especially preferable. The mon- 
25 olithically molded structures which are made of such metals resistant to oxidation and proof against heat as stainless 
steel and Fe-Cr-AI alloy are also usable. 

[0046] These monolithic carriers are produced by the extrusion molding technique or the process of tightly rolling a 
sheetlike material. The openings (cells) formed therein for passage of a gas under treatment may be in a hexagonal, 
tetragonal, or triangular cross section or in a corrugated cross section. A cell density (number of cells/unit cross section) 
30 which falls in the range of 100 to 600 cells/square inch, preferably 200 to 500 cells/square inch, suffices for effective 
use of the monolithic carriers. 

[0047] The amount of the mixture of the catalytically active components and the refractory inorganic oxide to be 
deposited on the honeycomb structure is in the range of 50 to 500 g, preferably 100 to 300 g, per liter of the catalyst. 
If this amount is less than 50 g, the mixture fails to manifest ample activity because of an unduly small amount thereof. 
35 if the amount exceeds 500 g, the disadvantage arises that the exhaust gas under treatment will suffer as from loss of 
pressure. 

[0048] The amount of the catalytically active components to be used per liter of the catalyst is computed based on 
the volume of the molded structure itself when those components are molded by themselves or based on a three- 
dimensional structure when the components are deposited on the three-dimensional structure base. 

40 [0049] Any of the examples of method which will be adduced hereinbelow can be adopted for the preparation of the 
catalyst. Some other method than the methods shown below may be adopted providing it causes no deviation from 
the spirit of this invention. The examples are (a) a method for obtaining a finished catalyst by impregnating a refractory 
inorganic oxide with a mixed solution of catalytically active components, drying the resultant impregnated composite, 
optionally calcining the dry composite thereby obtaining a powder, wet pulverizing the powder together with water 

45 added thereto and consequently forming a slurry, applying the slurry to a honeycomb structure and allowing the applied 
coat of slurry to dry, and optionally calcining the coated honeycomb structure, (b) a method for obtaining a finished 
catalyst by wet pulverizing a refractory inorganic oxide together with water added thereto thereby forming a slurry, 
applying the slurry to a honeycomb structure and drying the applied coat of slurry, optionally calcining the resultant dry 
coated honeycomb structure, then impregnating the coated honeycomb structure with a mixed solution of catalytically 

so active components, drying the impregnated honeycomb structure, and optionally calcining the dry honeycomb structure, 
and (c) a method for obtaining a finished catalyst by impregnating a refractory inorganic oxide with a mixed solution 
of part(s) of catalytically active components (such as, for example, an NO x oxidizing component), drying and optionally 
calcining the resultant impregnated composite thereby forming a powder, wet pulverizing the powder together with 
water added thereto and consequently forming a slurry, applying the slurry to a honeycomb structure and drying the 

55 applied coat of slurry, optionally calcining the dry coated honeycomb structure, then impregnating the structure with a 
mixed solution of remaining part(s) of catalytically active components (such as, for example, an NO x adsorbing com- 
ponent), and drying and optionally calcining the impregnated structure. The raw materials which are usable for the 
formation of catalytically active components include nitrides, chlorides, sulfates, carbonates, and acetates, for example. 
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[0050] When the exhaust gas under treatment contains hydrocarbons, carbon monoxide, etc. at high concentrations, 
the catalyst mentioned above may be used in combination with an oxidizing catalyst or a three-way catalyst. In this 
case, the catalyst described above may be disposed in the leading stage and the oxidizing catalyst or three-way catalyst 
in the trailing stage relative to the inlet for the exhaust gas. Particularly when the exhaust gas contains hydrocarbons, 
5 carbon monoxide, etc. at high concentrations, the three-way catalyst is used for the purpose of enhancing the stoichi- 
ometric conversion of NO x with the oxidizing catalyst. 

[0051] When the exhaust gas under treatment has a low temperature, the ratio of purification of the exhaust gas is 
low as when an automobile is being started. The low temperature is undesirable because it causes particularly the 
ratios of removal of CO and HC to be conspicuously increased. In this case, the ratio of conversion of HC can be 

10 enhanced by preparatorily elevating the temperature of the exhaust gas. The purification of the exhaust gas may be 
carried out with a three-way catalyst or an oxidizing catalyst installed as a warm-up catalyst. 
[0052] In this case, the removal of nitrogen oxides from the exhaust gas may be effected by a method of disposing 
the three-way catalyst or oxidizing catalyst on the upstream side of the flow of the exhaust gas, then the catalyst set 
forth in claim 1 next thereto, and the three-way catalyst or oxidizing catalyst farther on the downstream side. 

15 [0053] The oxidizing catalyst has no particular restriction. It is only required to be capable of oxidizing hydrocarbons 
and carbon monoxide. The catalytic components which are effectively usable in the oxidizing catalyst include noble 
metals such as platinum and/or palladium and refractory inorganic oxides such as alumina, titania, and silica, for ex- 
ample. One or more members selected from among rare earth oxides such as lanthanum oxide (La 2 0 3 ) and from 
among metals such as iron, cobalt and nickel may be additionally used. The amount of the noble metal to be preferable 

20 is desired to be in the range of 0.1 to 5 g per liter of the catalyst. The amount of the refractory inorganic oxide to be 
carried is preferable to be in the range of 1 0 to 300 g per liter of the catalyst. When the oxide of a rare earth element 
is additionally incorporated in the catalyst, the amount thereof is preferable to be within the range of >0 to 150 g per 
liter of the catalyst. 

[0054] If the amount of the noble metal is less than 0.1 g per liter, the catalyst will acquire only an unduly low capacity 
25 for the purification. If it exceeds 5 g per liter, the excess supply of the noble metal will bring about no proportionate 
addition to the effect. If the amount of the refractory inorganic oxide to be added is less than 10 g per liter, the ability 
to disperse the noble metal will be degraded intolerably. If it exceeds 300 g per liter, the excess supply of the inorganic 
oxide will bring about the adverse effect of clogging a honeycomb being used as a carrier for the refractory inorganic 
oxide. The oxide of a rare earth element is added for the purpose of improving the thermal stability of the refractory 
30 inorganic oxide. If the amount of this oxide to be added exceeds 150 g per liter of the catalyst, the excess supply of 
the oxide will bring about the adverse effect of intolerably degrading the strength with which the catalytic component 
is carried. In the present invention, when the catalyst comprising at least one metal selected from the group consisting 
of platinum and palladium, at least one metal selected from the group consisting of potassium, sodium, rubidium, and 
cesium, and a refractory inorganic oxide is disposed on the upstream side of the flow of the exhaust gas and then an 
35 oxidizing catalyst is disposed next thereto, the contents of CO, HC, etc. in the exhaust gas can be further lowered than 
when no oxidizing catalyst is used. 

[0055] Generally, (a) palladium, (b) platinum and rhodium, (c) palladium and rhodium, or (d) platinum, palladium, 
and rhodium as noble metal component(s), a refractory inorganic oxide such as alumina, titania, or silica, and ceria 
are essential catalytic components for the three-way catalyst. This three-way catalyst may additionally incorporate 

40 therein zirconia and/or the oxide of a rare earth element other than cerium such as, for example, lanthanum oxide 
(La 2 0 3 ). The three-way catalyst is generally prepared by having the catalytic components deposited on a honeycomb 
which is generally used as a carrier for a catalyst. The amount of the noble metal to be deposited is preferable to be 
in the range of 0.1 to 5 g, the amount of such a refractory inorganic oxide as alumina, titania, or silica to be in the range 
of 10 to 300 g, the amount of ceria (Ce 2 0 3 ) to be in the range of 10 to 150 g, and the amount of the oxide of a rare 

45 earth element other than cerium to be in the range of 0 to 50 g respectively per liter of the catalyst. If the amount of 
the noble metal is less than 0.1 g per liter, the catalyst will acquire an unduly low capacity for the purification. If the 
amount exceeds 5 g per liter, the excess supply of the noble metal will bring about no discernible addition to the effect 
of noble metal. If the amount of the refractory inorganic oxide is less than 10 g per liter, the insufficient supply of this 
oxide will produce the adverse effect of impairing the ability thereof to disperse the noble metal, for example. If this 

50 amount exceeds 300 g per liter, the excess supply of this oxide will bring about the adverse effect of clogging a hon- 
eycomb being used as a carrier for the refractory inorganic oxide. If the amount of ceria is less than 10 g per liter, the 
effect of ceria manifested in storing and discharging oxygen will not be fully manifested throughout the entire volume 
of the catalyst. If this amount exceeds 150 g per liter, the excess supply of ceria will produce the adverse effect of 
degrading the strength with which the catalytic components are carried. The addition of the oxide of a rare earth element 

55 other than cerium is intended to improve the thermal stability of the refractory inorganic oxide. If the amount of this 
oxide to be added exceeds 50 g per liter, the excess supply of the oxide will produce the adverse effect of degrading 
the strength with which the catalytic components are carried because ceria is deposited to some extent on the three- 
way catalyst. The three-way catalyst removes NO x in a stoichiometric condition. It fails to effect the removal of NO x in 



8 



EP0 666 099 B1 



a lean condition. This invention, however, allows the removal of NO x to proceed in a stoichiometric condition to a greater 
extent when a catalyst comprising at least one metal selected from the group consisting of platinum and palladium, at 
least one metal selected from the group consisting of potassium, sodium, rubidium, and cesium, and a refractory 
inorganic oxide is disposed on the upstream side of the flow of the exhaust gas and a three-way catalyst is disposed 
5 next thereto than when no three-way catalyst is disposed at all. 

[0056] Typical examples of the three-way catalyst of this kind are cited below. 

(a) A three-way catalyst having carried on a monolithic structure carrier a mixture comprising 1 0 to 300 g of activated 
alumina and catalytically active components composed of 0.5 to 30 g of palladium, 0.1 to 50 1 of an alkaline earth 

10 metal oxide, 10 to 150 g of cerium oxide, and 0.1 to 50 g of zirconium oxide per liter of the catalyst (Japanese 

Patent Application No. 04-82,311). 

(b) A three-way catalyst having carried on a monolithic structure carrier a mixture comprising 1 0 to 300 g of activated 
alumina and catalytically active components composed of 0.5 to 30 g of palladium, 0.1 to 50 g of an alkaline earth 
metal oxide, 0.1 to 50 g of lanthanum oxide, 10 to 150 g of cerium oxide, and 0.1 to 50 g of zirconium oxide per 

is liter of the catalyst (Japanese Patent Application No. 04-1 49,400). 

(c) A three-way catalyst having carried on a monolithic structure carrier a mixture comprising 1 0 to 300 g of activated 
alumina and catalytically active components composed of 0.5 to 30 g of palladium, 0.1 to 50 g of an alkaline earth 
metal oxide, 10 to 150 g of cerium oxide, 0.1 to 50 g of zirconium oxide, and 1 to 150 g of titanium oxide per liter 
of the catalyst (Japanese Patent Application No. 04-166,383). 

20 (d) A three-way catalyst having carried on a monolithic structure carrier a mixture comprising 1 0 to 300 g of activated 

alumina and catalytically active components composed of 0.5 to 30 g of palladium, 0.1 to 50 g of an alkaline earth 
metal oxide, 10 to 150 g of cerium oxide, 0.1 to 50 g of zirconium oxide, and 0.1 to 50 g of silicon oxide per liter 
of the catalyst (Japanese Patent Application No. 04-166,460). 

(e) A three-way catalyst having carried on a monolithic structure carrier a mixture comprising 1 0 to 300 g of activated 
25 alumina and catalytically active components composed of 0.5 to 30 g of palladium, 0.1 to 50 g of an alkaline earth 

metal oxide, 10 to 150 g of cerium oxide, 0.1 to 50 g of zirconium oxide, 1 to 150 g of titanium oxide, and 0.05 to 
50 g of silicon oxide per liter of the catalyst (Japanese Patent Application No. 04-167,136). 

(f) A three-way catalyst having carried on a monolithic structure carrier a mixture comprising 1 0 to 300 g of activated 
alumina and catalytically active components composed of 0.1 to 20 g of the oxide of at least one metal selected 

30 from the group consisting of iron, cobalt, and nickel, 0.5 to 30 g of palladium, 0.1 to 50 g of an alkaline earth metal 

oxide, 10 to 150 g of cerium oxide, and 0.1 to 50 g of zirconium oxide per liter of the catalyst (Japanese Patent 
Application No. 04-167,363). 

(g) A three-way catalyst having carried on a monolithic structure carrier a mixture comprising 20 to 200 g of activated 
alumina and catalytically active components composed of 0.1 to 5 g as a total of platinum and palladium, 0.01 to 

35 1 g of rhodium, and 1 0 to 1 50 g of cerium oxide per liter of the catalyst (JP-A-62-91 ,244). 

(h) A three-way catalyst having carried on a monolithic structure carrier 0.1 to 10 g of noble metal, 1 to 150 g of 
cerium oxide, and 50 to 200 g of a refractory inorganic oxide (J P-A-01 -27,643). 

[0057] Now, the present invention will be described more specifically below with reference to working examples. It 
40 is to be distinctly understood that the invention is not limited thereto, but may be otherwise variously embodied and 
practiced without departure from the spirit of this invention. 

Referential Example 1 

45 [0058] A powder was obtained by mixing 200 g of activated alumina having a BET surface area of 1 00 m 2 /g with an 
aqueous dinitrodiammineplatinum solution containing 3 g of platinum, drying the resultant mixture at 1 20°C for 2 hours, 
and calcining the dry mixture at 500°C for 2 hours. This powder was wet pulverized in a ball mill to obtain an aqueous 
slurry. 

[0059] A cordierite honeycomb carrier (the product of Nippon Glass Co., Ltd.: containing 400 gas flow cells per square 
so inch of cross section and measuring 33 mm in diameter, 76 mm in length, and 65 ml in volume) was dipped in the 
aqueous slurry, then removed therefrom, and blown with compressed air to expel excess slurry. Then, the carrier coated 
with the slurry was dried at 120°C for 2 hours and calcined at 500°C for 2 hours to obtain a honeycomb carrier coated 
with a platinum-carrying alumina powder. The honeycomb carrier was dipped in an aqueous solution containing sodium 
nitrate at a concentration of 4.3 mols/liter, removed therefrom, blown with compressed air to expel excess aqueous 
55 solution therefrom, dried at 120°C, and calcined at 500°C to obtain a finished catalyst (1). This catalyst was found to 
have deposited on the carrier 3 g of platinum, 1 0 g of sodium (as metal), and 200 g of activated alumina per liter of the 
carrier. 
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Referential Example 2 

[0060] A finished catalyst (2) was obtained by following the procedure of Referential Example 1 while using an aque- 
ous palladium nitrate solution containing 3 g of palladium in the place of the aqueous dinitrodiammineplatinum solution 
5 containing 3 g of platinum. This catalyst was found to have deposited on the carrier 3 g of palladium, 10 g of sodium, 
and 200 g of activated alumina per liter of the carrier. 

Referential Example 3 

w [0061] A finished catalyst (3) was obtained by following the procedure of Referential Example 1 while using an aque- 
ous rhodium nitrate solution containing 3 g of rhodium in the place of the aqueous dinitrodiammineplatinum solution 
containing 3 g of platinum. This catalyst was found to have deposited on the carrier 3 g of rhodium, 10 g of sodium, 
and 200 g of activated alumina per liter of the carrier. 

15 Referential Example 4 

[0062] A finished catalyst (4) was obtained by following the procedure of Referential Example 1 while using an aque- 
ous ruthenium chloride solution containing 3 g of ruthenium in the place of the aqueous dinitrodiammineplatinum so- 
lution containing 3 g of platinum. This catalyst was found to have deposited on the carrier 3 g of ruthenium, 10 g of 
20 sodium, and 200 g of activated alumina per liter of the carrier. 

Referential Example 5 

[0063] A finished catalyst (5) was obtained by following the procedure of Referential Example 1 while using an aque- 
25 ous solution containing lithium nitrate at a concentration of 14.4mols/liter in the place of the aqueous solution containing 
sodium nitrate at a concentration of 4.3 mols/liter. This catalyst was found to have deposited on the carrier 3 g of 
platinum, 10 g of lithium, and 200 g of activated alumina per liter of the carrier. 

Referential Example 6 

30 

[0064] A finished catalyst (6) was obtained by following the procedure of Referential Example 1 while using an aque- 
ous solution containing potassium nitrate at a concentration of 2.6 mols/liter in the place of the aqueous solution con- 
taining sodium nitrate at a concentration of 4.3 mols/liter. This catalyst was found to have deposited on the carrier 3 g 
of platinum, 10 g of potassium, and 200 g of activated alumina per liter of the carrier. 

35 

Referential Example 7 

[0065] A finished catalyst (7) was obtained by following the procedure of Referential Example 1 while using an aque- 
ous solution containing rubidium nitrate at a concentration of 1.2 mols/liter in the place of the aqueous solution con- 
40 taining sodium nitrate at a concentration of 4.3 mols/liter. This catalyst was found to have deposited on the carrier 3 g 
of platinum, 10 g of rubidium, and 200 g of activated alumina per liter of the carrier 

Referential Example 8 

45 [0066] A finished catalyst (8) was obtained by following the procedure of Referential Example 1 while using an aque- 
ous solution containing cesium nitrate at a concentration of 0.8 mol/liter in the place of the aqueous solution containing 
sodium nitrate at a concentration of 4.3 mols/liter. This catalyst was found to have deposited on the carrier 3 g of 
platinum, 10 g of cesium, and 200 g of activated alumina per liter of the carrier. 

50 Referential Example 9 

[0067] A finished catalyst (9) was obtained by following the procedure of Referential Example 1 while using an aque- 
ous solution containing beryllium nitrate at a concentration of 11 .1 mols/liter in the place of the aqueous solution con- 
taining sodium nitrate at a concentration of 4.3 mols/liter. This catalyst was found to have deposited on the carrier 3 g 
55 of platinum, 1 0 g of beryllium, and 200 g of activated alumina per liter of the carrier. 
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Referential Example 10 

[0068] A finished catalyst (10) was obtained by following the procedure of Referential Example 1 white using an 
aqueous solution containing magnesium nitrate at a concentration of 8,2 mols/liter in the place of the aqueous solution 
5 containing sodium nitrate at a concentration of 4.3 mols/liter. This catalyst was found to have deposited on the carrier 
3 g of platinum, 20 g of magnesium, and 200 g of activated alumina per liter of the carrier. 

Referential Example 11 

10 [0069] A finished catalyst (11) was obtained by following the procedure of Referential Example 1 white using an 
aqueous solution containing calcium nitrate at a concentration of 5.0 mols/liter in the place of the aqueous solution 
containing sodium nitrate at a concentration of 4.3 mols/liter. This catalyst was found to have deposited on the carrier 
3 g of platinum, 20 g of calcium, and 200 g of activated alumina per liter of the carrier. 

15 Referential Example 12 

[0070] A finished catalyst (12) was obtained by following the procedure of Referential Example 1 while using an 
aqueous solution containing strontium nitrate at a concentration of 2.3 mols/liter in the place of the aqueous solution 
containing sodium nitrate at a concentration of 4.3 mols/liter. This catalyst was found to have deposited on the carrier 
20 3 g of platinum, 20 g of strontium, and 200 g of activated alumina per liter of the carrier. 

Referential Example 13 

[0071] A finished catalyst (13) was obtained by following the procedure of Referential Example 1 while using an 
25 aqueous solution containing barium acetate at a concentration of 1.5 mols/liter in the place of the aqueous solution 
containing sodium nitrate at a concentration of 4.3 mols/liter. This catalyst was found to have deposited on the carrier 
3 g of platinum, 20 g of barium, and 200 g of activated alumina per liter of the carrier. 

Referential Example 14 

30 

[0072] A finished catalyst (14) was obtained by following the procedure of Referential Example 1 while using a mixed 
aqueous solution containing dinitrodiammineplatinum incorporating 3 g of platinum therein and copper nitrate incor- 
porating 2 g of copper therein in the place of the aqueous dinitrodiammineplatinum solution containing 3 g of platinum. 
This catalyst was found to have deposited on the carrier 3 g of platinum, 2 g of copper, 10 g of sodium, and 200 g of 
35 activated alumina per liter of the carrier. 

Referential Example 15 

[0073] A finished catalyst (1 5) was obtained by following the procedure of Referential Example 1 while using a mixed 
40 aqueous solution containing dinitrodiammineplatinum incorporating 3 g of platinum therein and cobalt nitrate incorpo- 
rating 2 g of cobalt therein in the place of the aqueous dinitrodiammineplatinum solution containing 3 g of platinum. 
This catalyst was found to have deposited on the carrier 3 g of platinum, 2 g of cobalt, 10 g of sodium, and 200 g of 
activated alumina per liter of the carrier. 

45 Referential Example 16 

[0074] A finished catalyst (16) was obtained by following the procedure of Referential Example 1 while using a mixed 
aqueous solution containing dinitrodiammineplatinum incorporating 3 g of platinum therein and manganese nitrate 
incorporating 2 g of manganese therein in the place of the aqueous dinitrodiammineplatinum solution containing 3 g 
so of platinum. This catalyst was found to have deposited on the carrier 3 g of platinum, 2 g of manganese, 1 0 g of sodium, 
and 200 g of activated alumina per liter of the carrier. 

Referential Example 17 

55 [0075] A finished catalyst (1 7) was obtained by preparing a catalyst (A) in the same manner as in Referential Example 
1 , dipping this catalyst in an aqueous solution containing ammonium molybdate at a concentration of 0.5 mol/liter, 
removing the catalyst therefrom, blowing the wet catalyst with compressed air to expel excess aqueous solution there- 
from, drying the catalyst at 120°C, and calcining the dry catalyst at 500°C. This finished catalyst was found to have 
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deposited on the carrier 3 g of platinum, 10 g of sodium, 5 g of molybdenum, and 200 g of activated alumina per liter 
of the carrier. 

Referential Example 18 

5 

[0076] A finished catalyst (1 8) was obtained by preparing a catalyst (A) in the same manner as in Referential Example 
1 , dipping this catalyst in an aqueous solution containing ammonium tungstate at a concentration of 0.3 mot/liter, re- 
moving the catalyst therefrom, blowing the wet catalyst with compressed air to expel excess aqueous solution there- 
from, drying the catalyst at 120°C, and calcining the dry catalyst at 500°C. This finished catalyst was found to have 
w deposited on the carrier 3 g of platinum, 1 0 g of sodium, 5 g of tungsten, and 200 g of activated alumina per liter of the 
carrier. 

Referential Example 19 

15 [0077] A finished catalyst (1 9) was obtained by preparing a catalyst (A) in the same manner as in Referential Example 
1 , dipping this catalyst in an aqueous solution containing vanadyl oxalate at a concentration of 1 .0 mol/liter, removing 
the catalyst therefrom, blowing the wet catalyst with compressed air to expel excess aqueous solution therefrom, drying 
the catalyst at 120°C, and calcining the dry catalyst at 500°C. This finished catalyst was found to have deposited on 
the carrier 3 g of platinum, 10 g of sodium, 5 g of vanadium, and 200 g of activated alumina per liter of the carrier 

20 

Referential Example 20 

[0078] A powder was obtained by mixing 1 00 g of the same activated alumina as used in Referential Example 1 with 
a mixed solution of an aqueous dinitrodiammineplatinum solution containing 2 g of platinum and an aqueous rhodium 

25 nitrate solution containing 0.4 g of rhodium, drying the resultant mixture at 120°C for two hours, and calcining the dry 
mixture at 500°C for two hours. This powder and 50 g of cerium oxide were wet pulverized together in a ball mill to 
obtain an aqueous slurry. The same honeycomb carrier as used in Referential Example 1 was dipped in the aqueous 
slurry, removed therefrom, and blown with compressed air to expel excess aqueous slurry. Then the resultant composite 
was dried at 120°C for 2 hours to obtain a finished catalyst (20). This catalyst was found to have deposited on the 

30 carrier 2 g of platinum, 0.4 g of rhodium, 50 g of cerium oxide, and 100 g of activated alumina per liter of the carrier. 

Referential Example 21 

[0079] Zeolite, grade ZSM-5, was prepared in accordance with the information reported in literature (Rapid Crystal- 
35 lization Method, Proceedings 8th International Congress on Catalysis, Berin, 1984, Vol. 3, P569). By the X-ray analysis, 
the zeolite thus obtained was identified as the product of grade ZSM-5. To the mixture obtained by stirring 1 .5 kg of 
this zeolite, grade ZSM-5, and 6 liters of purified water added thereto at 98°C for two hours, an aqueous solution 
containing copper ammine complex at a concentration of 0.2 mol/liter was slowly added dropwise at 80°C. After the 
addition was completed, the resultant mixture was stirred continuously at 80°C for 12 hours. It was cooled to normal 
40 room temperature and then filtered to separate the zeolite. The zeolite was thoroughly washed and dried at 120°C for 
24 hours. The powder consequently obtained was wet pulverized in a ball mill to obtain an aqueous slurry. Thereafter, 
a finished catalyst (21) was obtained by following the procedure of Referential Example 1 while using the aqueous 
slurry instead. This catalyst was found to have deposited on the carrier 120 g of the zeolite, grade ZSM-5, and 6.9 g 
of copper per liter of the carrier. 

45 

Referential Example 22 

[0080] A finished catalyst (22) was obtained by following the procedure of Referential Example 6 while using 0.05 g 
of platinum in the place of the aqueous dinitrodiammineplatnum solution containing 3 g of platinum. This catalyst was 
so found to have deposited on the carrier 0.05 g of platinum, 10 g of potassium, and 200 g of activated alumina per liter 
of the carrier. 

Referential Example 23 

55 [0081] A finished catalyst (23) was obtained by following the procedure of Referential Example 6 while using 0.2 g 
of platinum in the place of the aqueous dinitrodiammineplatnum solution containing 3 g of platinum. This catalyst was 
found to have deposited on the carrier 0.2 g of platinum, 10 g of potassium, and 200 g of activated alumina per liter of 
the carrier. 
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Referential Example 24 

[0082] A finished catalyst (24) was obtained by following the procedure of Referential Example 6 while using 25 g 
of platinum in the place of the aqueous dinitrodiammineplatnum solution containing 3 g of platinum. This catalyst was 
5 found to have deposited on the carrier 25 g of platinum, 10 g of potassium, and 200 g of activated alumina per liter of 
the carrier. 

Referential Example 25 

w [0083] A finished catalyst (25) was obtained by following the procedure of Referential Example 6 while using 40 g 
of platinum in the place of the aqueous dinitrodiammineplatnum solution containing 3 g of platinum. This catalyst was 
found to have deposited on the carrier 40 g of platinum, 10 g of potassium, and 200 g of activated alumina per liter of 
the carrier. 

*5 Referential Example 26 

[0084] A finished catalyst (26) was obtained by following the procedure of Referential Example 6 while using a mixed 
solution of an aqueous dinitrodiammineplatinum solution containing 3 g of platinum and an aqueous palladium nitrate 
solution containing 2 g of palladium in the place of the aqueous dinitrodiammineplatnum solution containing 3 g of 
20 platinum. This catalyst was found to have deposited on the carrier 3 g of platinum, 2 g of palladium, 10 g of potassium, 
and 200 g of activated alumina per liter of the carrier. 

Referential Example 27 

25 [0085] A finished catalyst (27) was obtained by following the procedure of Referential Example 6 while using a mixed 
solution of an aqueous dinitrodiammineplatinum solution containing 3 g of platinum and an aqueous rhodium nitrate 
solution containing 0.3 g of rhodium in the place of the aqueous dinitrodiammineplatnum solution containing 3 g of 
platinum. This catalyst was found to have deposited on the carrier 3 g of platinum, 0.3 g of rhodium, 1 0 g of potassium, 
and 200 g of activated alumina per liter of the carrier. 

30 

Referential Example 28 

[0086] A finished catalyst (28) was obtained by following the procedure of Referential Example 6 while using a mixed 
solution of an aqueous dinitrodiammineplatinum solution containing 3 g of platinum and an aqueous ruthenium nitrate 
35 solution containing 0.3 g of ruthenium in the place of the aqueous dinitrodiammineplatnum solution containing 3 g of 
platinum. This catalyst was found to have deposited on the carrier 3 g of platinum, 0.3 g of ruthenium, 1 0 g of potassium, 
and 200 g of activated alumina per liter of the carrier. 

Referential Example 29 

40 

[0087] A finished catalyst (29) was obtained by following the procedure of Referential Example 6 while using a mixed 
solution of an aqueous palladium nitrate solution containing 5 g of palladium and an aqueous rhodium nitrate solution 
containing 0.3. g of rhodium in the place of the aqueous dinitrodiammineplatnum solution containing 3 g of platinum. 
This catalyst was found to have deposited on the carrier 5 g of palladium, 0.3 g of rhodium, 10 g of potassium, and 
45 200 g of activated alumina per liter of the carrier. 

Referential Example 30 

[0088] A finished catalyst (30) was obtained by following the procedure of Referential Example 6 while using an 
so aqueous solution containing potassium nitrate at a concentration of 0.13 mol/liter in the place of the aqueous solution 
containing potassium nitrate at a concentration of 2.6 mols/liter. This catalyst was found to have deposited on the 
carrier 3 g of platinum, 0.5 g of potassium, and 200 g of activated alumina per liter of the carrier. 

Referential Example 31 

55 

[0089] A finished catalyst (31) was obtained by following the procedure of Referential Example 6 while using an 
aqueous solution containing potassium nitrate at a concentration of 0.52 mol/liter in the place of the aqueous solution 
containing potassium nitrate at a concentration of 2.6 mols/liter. This catalyst was found to have deposited on the 
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carrier 3 g of platinum, 2 g of potassium, and 200 g of activated alumina per liter of the carrier 
Referential Example 32 

5 [0090] A finished catalyst (32) was obtained by following the procedure of Referential Example 6 while using an 
aqueous solution containing potassium nitrate at a concentration of 18.2 mols/liter in the place of the aqueous solution 
containing potassium acetate at a concentration of 2.6 mols/liter. This catalyst was found to have deposited on the 
carrier 3 g of platinum, 70 g of potassium, and 200 g of activated alumina per liter of the carrier. 

10 Referential Example 33 

[0091] A finished catalyst (33) was obtained by following the procedure of Referential Example 6 while using an 
aqueous solution containing potassium nitrate at a concentration of 23.4 mols/liter in the place of the aqueous solution 
containing potassium acetate at a concentration of 2.6 mols/liter. This catalyst was found to have deposited on the 
15 carrier 3 g of platinum, 90 g of potassium, and 200 g of activated alumina per liter of the carrier. 

Referential Example 34 

[0092] A finished catalyst (34) was obtained by following the procedure of Referential Example 15 while using a 
20 mixed aqueous solution of cobalt nitrate containing 0.05 g of cobalt in the place of the aqueous solution of cobalt nitrate 
containing 2 g of cobalt. This catalyst was found to have deposited on the carrier 3 g of platinum, 0.05 g of cobalt, 10 
g of sodium, and 200 g of activated alumina per liter of the carrier. 

Referential Example 35 

25 

[0093] A finished catalyst (35) was obtained by following the procedure of Referential Example 15 while using a 
mixed aqueous solution of cobalt nitrate containing 0.2 g of cobalt in the place of the aqueous solution of cobalt nitrate 
containing 2 g of cobalt. This catalyst was found to have deposited on the carrier 3 g of platinum, 0.2 g of cobalt, 10 g 
of sodium, and 200 g of activated alumina per liter of the carrier. 

30 

Referential Example 36 

[0094] A finished catalyst (36) was obtained by following the procedure of Referential Example 15 while using a 
mixed aqueous solution of cobalt nitrate containing 25 g of cobalt in the place of the aqueous solution of cobalt nitrate 
35 containing 2 g of cobalt. This catalyst was found to have deposited on the carrier 3 g of platinum, 25 g of cobalt, 1 0 g 
of sodium, and 200 g of activated alumina per liter of the carrier. 

Referential Example 37 

40 [0095] A finished catalyst (37) was obtained by following the procedure of Referential Example 15 while using a 
mixed aqueous solution of cobalt nitrate containing 40 g of cobalt in the place of the aqueous solution of cobalt nitrate 
containing 2 g. of cobalt. This catalyst was found to have deposited on the carrier 3 g of platinum, 40 g of cobalt, 10 g 
of sodium, and 200 g of activated alumina per liter of the carrier. 

45 Referential Example 38 

[0096] A powder was obtained by mixing 1 00 g of the same activated alumina as used in Referential Example 1 with 
an aqueous dinitrodiammineplatinum solution containing 1 g of platinum, drying the resultant mixture at 120°C for 2 
hours, and calcining the dry mixture at 500°C for 2 hours. An aqueous slurry was obtained by wet pulverizing the 
so powder, 2 g of lanthanum oxide, and 2 g of iron oxide together in a ball mill. Thereafter, a finished catalyst (38) was 
obtained by following the procedure of Referential Example 20 while using the aqueous slurry instead. This finished 
catalyst was found to have deposited on the carrier 1 g of platinum, 2 g of lanthanum oxide, 2 g of iron oxide, and 1 00 
g of activated alumina per liter of the carrier. 

55 Example 1 

[0097] The catalysts obtained in Referential Examples 1 to 37 were subjected to a test conforming to this invention 
(hereinafter referred to as "Test") as shown hereinbelow and to a test for comparison (hereinafter referred to as "Con- 
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trol"). 

[0098] A sample catalyst was packed in a stainless steel pipe 34.5 mm in diameter and 300 mm in length. A reaction 
gas of the following composition was introduced into the stainless steel pipe at a spatial velocity of 20,000/hr. 

5 Preparatory Test 

[0099] In preparation for the Test indicated below, the sample catalyst was analyzed to determine the capacity thereof 
for adsorption of nitrogen oxides. For the determination, an apparatus having chemical emission type nitrogen oxide 
analyzers (capable of determining the NO and N0 2 contents as the total NO x content) (omitted from illustration) con- 

10 nected one each via conduits 3 and 5 to the pipe at the points in front of and behind an enclosure for a catalyst bed 4 
as illustrated in Fig. 1 was used. The enclosure for a catalyst bed 4 in the apparatus kept heated with an electric furnace 
11 was filled with the sample catalyst. Then, a gas composed of 2.0% by volume of oxygen fed via a regulating valve 
1b, 10% by volume of water fed via a regulating valve 7a, and the balance to make up 100% by volume of nitrogen 
fed via a regulating valve 1 d was introduced at 400°C into the apparatus. After the flow volume of this gas had stabilized, 

15 nitrogen monoxide (NO) was introduced into the apparatus so as to give the gas a nitrogen monoxide content of 500 
ppm. In the course of this operation, the gas was analyzed continuously to determine the NO contents of the gas before 
and after the catalyst bed 4, with the determined NO contents accumulated to find the capacity of the catalyst for 
adsorption of nitrogen oxides. The results are shown in Table 1 . 

[0100] Then, with the inlet temperature of the catalyst bed keptat400°C, the operation was continued under a varying 
20 set of conditions prescribed for a relevant test to find the average ratio of removal of NO x per hour. 

Test 1 

[0101] A reaction gas was formed by feeding 500 ppm of nitrogen monoxide (NO), 2.0% by volume of oxygen, 2,000 
25 ppm of carbon monoxide, and the balance to make up 100% by volume of nitrogen respectively via regulating valves 
1 a, 1 b, 1 c, and 1 d to a gas mixer 2. By the action of a liquid supply pump 8 and an evaporator 1 0, water was advanced 
via a liquid supply valve 7a at a ratio calculated to give the reaction gas a water content of 1 0% by volume and introduced 
into the catalyst bed 4. Propylene (C 3 H 6 ) was fed for a duration of 10 seconds once per minute via a regulating valve 
1e at a ratio calculated to give the reaction gas a propylene content of 3,000 ppm (as methane) and introduced into 
30 the reaction gas in the gas mixer 2. The reaction gas finally formed was supplied at a spatial velocity of 20,000 hr 1 to 
the catalyst bed 4, with the inlet temperature of the catalyst kept at 400°C with the electric furnace 11 to carry out Test 
1 . The exhaust gas emanating from the catalyst bed was discharged through a gas outlet 6. In the course of this 
operation, samples of the gas were extracted through the conduit 5 via a sampling valve 9b and introduced into the 
analyzer to determine the ratios of removal of NO x . The results are shown in Table 1 . 

35 

Test 2 

[0102] This test was performed by following the procedure of Test 1 while adjusting the oxygen concentration at 0.4% 
by volume only during the introduction of the reducing agent and at 2.0% by volume during the absence of this intro- 
40 duction. The results are shown in Table 1 . 

Control 1 

[0103] This control was performed by following the procedure of Test 1 while constantly adding propylene at a ratio 
45 of 1 ,000 ppm (as methane) instead of intermittently introducing propylene. The results are shown in Table 1. 

Control 2 

[0104] This control was performed by following the procedure of Test 1 while omitting the use of propylene. The 
so results are shown in Table 1 . 



Table 1 



Catalyst 


Amount of NO x adsorbed to saturation (m.mol/lit)* 1 


Ratio of removal of NO x (%) 


Test 1 


Test 2 


Control 1 


Control 2 


1 


12 


75 


90 


40 


10 



*1 : Amount of nitrogen oxides adsorbed (m.mol) per liter of the catalyst. 
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Table 1 (continued) 





Catalyst 


Amount of NO x adsorbed to saturation (m.mol/lit)* 1 


Ratio of removal of NO x (%) 








Test 1 


Test 2 


Control 1 


Control 2 


5 


2 


10 


70 


88 


36 


12 




3 


11 


78 


90 


40 


11 




4 


12 


77 


91 


35 


13 


10 


5 


10 


72 


88 


34 


8 




6 


13 


73 


92 


35 


11 




7 


10 


70 


88 


38 


12 


15 


8 


11 


75 


90 


30 


12 


9 


10 


71 


88 


30 


10 




10 


10 


69 


89 


28 


11 




11 


12 


75 


90 


30 


11 


20 


12 


12 


72 


91 


35 


12 




13 


13 


72 


90 


34 


11 




14 


15 


80 


93 


44 


11 


25 


15 


14 


79 


93 


43 


11 


16 


. 18 


71 


95 


42 


12 




17 


16 


76 


96 


45 


11 




18 


15 


75 


96 


46 


10 


30 


19 


15 


82 


97 


45 


12 




20 


1 


20 


25 


20 


11 




21 


5 


41 


45 


40 


31 


35 


22 


6 


40 


63 


18 


8 


23 


11 


70 


86 


24 


8 




24 


11 


68 


88 


40 


18 




25 


7 


54 


72 


44 


20 


40 . 


26 


18 


85 


98 


42 


12 




27 


16 


82 


94 


40 


13 




28 


12 


72 


88 


36 


14 


45 


29 


11 


76 


90 


36 


12 


30 


5 


42 


64 


30 


10 




31 


10 


72 


86 


30 


12 




32 


28 


70 


84 


20 


12 


50 


33 


10 


40 


60 


16 


11 




34 


12 


72 


88 


38 


8 




35 


14 


78 


92 


42 


11 


55 


36 


15 


78 


92 


42 


11 




37 


14 


64 


80 


30 


6 



*1 : Amount of nitrogen oxides adsorbed (m.mol) per liter of the catalyst. 



16 



EP 0 666 099 B1 

Test 3 

[0105] This test was performed by following the procedure of Test 2 while using the catalyst obtained in Referential 
Example 1 and varying the interval of introduction and the duration of introduction of propylene, the molar ratio of the 
5 amount of the reducing substance to the amount of NO x adsorbed, and the kind of reducing substance. The results 
are shown in Tables 2 to 5. 



Table 2 



Interval of introduction of reducing substance (second) 


20 


60 


60 


60 


Amount of NO x adsorbed (m.mol/lit) per liter of the catalyst* 1 


2.2 


6.1 


6.1 


6.1 


Degree of saturation of adsorption(%)* 2 


17 


48 


48 


48 


Reducing substance* 3 


Pr 


Pr 


Pr 


Pr 


Concentration of reducing substance (ppmC^) in the reaction gas 


3000 


3000 


1500 


4500 


Duration of introduction of reducing substance (second) 


3 


10 


20 


10 


Amount of reducing substance introduced (m.mol/liter) per liter of the catalyst* 4 


3.0 


8.3 


8.2 


12.3 


Amount of reducing substance introduced / Amount of NO x adsorbed (molar ratio) 


1.4 


1.3 


1.3 


2.0 


Ratio of removal of NO x (%) 


94 


90 


88 


91 



*1: Amount of NO x adsorbed in one process of introduction of reducing substance per (iter of the catalyst. 

*2: (Amount of nitrogen oxides adsorbed/amount of nitrogen oxides adsorbed by the catalyst to saturation) x 100(%) 

*3: Reducing substance - Pr: propylene (gas) 



25 *4: Amount of reducing substance introduced in one process of introduction of reducing substance per liter of the catalyst. 



Table 3 



Interval of introduction of reducing substance 
(second) 


5 


15 


3000 


4800 


10 


10 


45 


120 


Amount of NO x adsorbed (m.mol/lit) per liter of 
the catalyst* 1 


0.7 


1.7 


12 


12 


1.2 


1.2 


4.4 


10.1 


Degree of saturation of adsorption (%)* 2 


6 


13 


100 


100 


10 


10 


37 


81 


Reducing substance* 3 


Pr 


Pr 


Pr 


Pr 


Pr 


Pr 


Pr 


Pr 


Concentration of reducing substance (ppmC^ 
in the reaction gas 


3000 


3000 


3000 


3000 


9000 


9000 


1500 


1500 


Duration of introduction of reducing substance 
(second) 


1 


3 


20 


20 


0.05 


0.5 


15 


30 


Amount of reducing substance introduced (m. 
mol/liter) per liter of the catalyst* 4 


0.8 


2.4 


16.5 


16.5 


0.12 


1.2 


6.2 


12.3 


Amount of reducing substance introduced / 
Amount of NO x adsorbed (molar ratio) 


1.1 


1.3 


1.3 


1.3 


0.1 


1.0 


1.4 


1.2 


Ratio of removal of NO x (%) 


40 


88 


50 


32 


18 


88 


71 


42 



"1: Amount of NO x adsorbed in one process of introduction of reducing substance per liter of the catalyst. 

"2: (Amount of nitrogen oxides adsorbed/amount of nitrogen oxides adsorbed by the catalyst to saturation) x 100(%) 



50 *3: Reducing substance - Pr: propylene (gas) 

"4: Amount of reducing substance introduced in one process of introduction of reducing substance per liter of the catalyst. 



Table 4 



Interval of introduction of reducing substance (second) 


60 


60 


240 


360 
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Table 4 (continued) 



Amount of NO x adsorbed (m.mol/lit) per liter of the catalyst* 1 


6.1 


6.1 


11.8 


12 


Degree of saturation of adsorption (%)* 2 


48 


48 


95 


100 


Reducing substance* 3 


Pr 


Pr 


Pr 


Pr 


Concentration of reducing substance (ppmC1) in the reaction gas 


3000 


3000 


9000 


9000 


Duration of introduction of reducing substance (second) 


4 


15 


29 


73 


Amount of reducing substance introduced (m.mol/liter) per liter of the catalyst* 4 


3.2 


12.2 


70.9 


180 


Amount of reducing substance introduced / Amount of NO x adsorbed (molar ratio) 


0.5 


2 


6 


15 


Ratio of removal of NO x (%) 


44 


91 


60 


44 



*1 : Amount of NO x adsorbed in one process of introduction of reducing substance per liter of the catalyst. 

*2: (Amount of nitrogen oxides adsorbed/amount of nitrogen oxides adsorbed by the catalyst to saturation) x 100(%) 

*3: Reducing substance - Pr: propylene (gas) 

*4: Amount of reducing substance introduced in one process of introduction of reducing substance per liter of the catalyst. 



Table 5 



Interval of introduction of reducing substance (second) 


120 


60 


60 


60 


Amount of NO x adsorbed (m.mol/lit) per liter of the 
catalyst* 1 


10.1 


6.1 


6.1 


6.1 


Degree of saturation of adsorption (%)* 2 


81 


48 


48 


48 


Reducing substance* 3 


Pr 


An 


Et 


Ur 


Concentration of reducing substance (ppmC1) in the 
reaction gas 


3000 


3000 






Duration of introduction of reducing substance 
(second) 


20 


10 






Amount of reducing substance introduced (m.mol/liter) 
per liter of the catalyst* 4 


15.6 


6.1 


12.2 


6.1 


Amount of reducing substance introduced / Amount of 
NO x adsorbed (molar ratio) 


1.5 


1.0 


2.0 


1.0 


Ratio of removal of NO x (%) 


70 


90 


89 


89 



*1 : Amount of NO x adsorbed in one process of introduction of reducing substance per liter of the catalyst. 

*2: (Amount of nitrogen oxides adsorbed/amount of nitrogen oxides adsorbed by the catalyst to saturation) x 100(%) 

*3: Reducing substance - Pr: propylene (gas), An: Ammonia (ga), Et: Ethanol (introduced by spraying 0.56 g of liquid per liter of catalyst), Ur: Urea 
(introduced by spraying 0.46 g of aqueous 40 wt% solution per liter of catalyst), providing 1 mol of urea computed as 2 mols of ammonia. 
*4: Amount of reducing substance introduced in one process of introduction of reducing substance per liter of the catalyst. 



Example 2 

[0106] The samples of the catalysts obtained in Referential Examples 6, 20, and 38 were disposed in varying orders 
indicated in Table 6 in the direction from the upstream to the downstream side of the flow of the exhaust gas and tested 
by following the procedure of Example 1 . The results are shown in Table 6. 
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Table 6 



vdl. UfJollcdfll 


Oai. rHiusiream 


oai. 
downstream 


Mrnouni ui i^'^-'x 
adsorbed (m. 
mol/lit)* 1 


Ratio of removal of N0 X (%) 










Test 1 


Test 2 


Control 1 


Control 2 


6 


- 


20 


14 


86 


99 


44 


13 


20 


- 


6 


13 


85 


98 


42 


12 


6 




6 


26 


75 


94 


37 


11 


20 




20 


1 


22 


26 


22 


12 


6 




38 


19 


86 


99 


44 


13 


38 




6 


18 


85 


98 


42 


13 


20 


6 


20 


16 


88 


99 


44 


14 


38 


6 


38 


22 


88 


99 


44 


14 



*1 : Amount of nitrogen monoxide adsorbed {m.mol) per liter of the catalyst. 



INDUSTRIAL APPLICABILITY 

[0107] This invention pertains to a method for the removal of nitrogen oxides from an exhaust gas characterized by 
causing the exhaust gas in an oxidizing atmosphere to contact a catalyst comprising a refractory inorganic oxide and 
catalytically active components, the components comprising 0.1 to 30 g as metal per liter of the catalyst of at least one 
noble metal selected from the group consisting of platinum, palladium, rhodium, and ruthenium or a compound of the 
noble metal and 1 to 80 g as metal per liter of the catalyst of at least one metal selected from the group consisting of 
lithium, potassium, sodium, rubidium, cesium, beryllium, magnesium, calcium, strontium, and barium or a compound 
of the metal, thereby inducing the catalyst to adsorb thereon the nitrogen oxides in the exhaust gas and, subsequently 
introducing a reducing substance intermittently into the exhaust gas thereby purifying the exhaust gas by reducing the 
nitrogen oxides adsorbed on the catalyst. It, therefore, permits efficient removal of NO x from an exhaust gas under 
treatment in an oxidizing atmosphere by means of oxidation and adsorption and then enables the NO x adsorbed on 
the catalyst to be efficiently removed therefrom by either intermittent introduction of a reducing agent to the catalyst 
or imparting a reducing atmosphere to the exhaust gas. Further, the method of this invention permits efficient disposal 
of NO x by use of a reducing agent only in a small amount without requiring any special device. 
[0108] Besides, the catalytic system contemplated by this invention, when used in combination with an oxidizing 
catalyst and/or a three-way catalyst, produces the advantage of further exalting the efficiency of the removal of hydro- 
carbons and carbon monoxide. 



Claims 

1. A method for the removal of nitrogen oxides from an exhaust gas wherein said exhaust gas having an oxidizing 
atmosphere is contacted with a catalyst comprising a refractory inorganic oxide and catalytically active compo- 
nents, said components comprising 0.1 to 30 g as metal per liter of said catalyst of at least one noble metal selected 
from the group consisting of platinum, palladium, rhodium, and ruthenium or a compound of said noble metal and 
1 to 80 g as metal per liter of said catalyst of at least one metal selected from the group consisting of lithium, 
potassium, sodium, rubidium, cesium, beryllium, magnesium, calcium, strontium, and barium or a compound of 
said metal, thereby inducing said catalyst to adsorb thereon the nitrogen oxides in said exhaust gas and, subse- 
quently introducing intermittently a gas containing 1 to 10 mols of a reducing substance per mol of said nitrogen 
oxides (as NO) adsorbed on said catalyst to said catalyst for a duration in the range of 0.1 to 20 seconds at intervals 
in the range of 10 seconds to 60 minutes into said exhaust gas thereby purifying said exhaust gas by reducing 
said nitrogen oxides adsorbed on said catalyst. 

2. A method according to claim 1 , wherein said catalyst further comprises 0.1 to 50 g per liter of said catalyst of at 
least one heavy metal selected from the group consisting of manganese, copper, cobalt, molybdenum, tungsten, 
and vanadium or a compound of said heavy metal. 
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3. A method according to claim 1 or claim 2, wherein the capacity of said catalyst for adsorption of nitrogen oxides 
to saturation is in the range of 6 to 30 m.mols per liter of said catalyst. 

4. A method according to any of claims 1 to 3, wherein said reducing substance is introduced before the amount of 
5 nitrogen oxides adsorbed by said catalyst totals 50% of the saturation capacity of said catalyst. 

5. A method according to claim 1 or claim 2, wherein said exhaust gas is an exhaust gas from an internal combustion 
engine. 

'0 6. A method according to claim 5, wherein the introduction of said reducing substance into said exhaust gas is effected 
by lowering the air-fuel ratio in the suction system of said internal combustion engine. 

7. A method according to claim 5, wherein the introduction of said reducing substance into said exhaust gas is effected 
by creating a theoretical air-fuel ratio or a rich air-fuel ratio in the suction system of said internal combustion engine. 

15 

8. A method according to claim 5, wherein said reducing substance for introduction into said exhaust gas is obtained 
from an external source. 

9. A method according to claim 1 wherein said catalyst for the removal of nitrogen oxides is installed on the upstream 
20 side of an oxidizing catalyst or a three-way catalyst. 

10. A method according to claim 9 wherein said catalyst for the removed of nitrogen oxides further comprises 0.1 to 
50 g per liter of at least one heavy metal selected from the group consisting of manganese, copper, cobalt, mo- 
lybdenum, tungsten, and vanadium or a compound of said heavy metal. 

25 

11. A method according to claim 9 or claim 10, wherein said oxidizing catalyst comprises 0.1 to 10 g per liter of said 
catalyst of platinum and/or palladium and 10 to 300 g per liter of said catalyst of a refractory oxide. 

12. A method according to claim 11, wherein said oxidizing catalyst further comprises 0.1 to 150 g per liter of said 
30 catalyst of at least one oxide of an element selected from the group consisting of rare earth elements, nickel, 

cobalt, and iron. 

1 3. A method according to claim 9 or claim 1 0, wherein said three-way catalyst comprises 1 0 to 300 g per liter of said 
catalyst of a refractory inorganic oxide and catalytic components, said components comprising 0.1 to 1 0 g as metal 

35 per liter of said catalyst of noble metal(s) selected from the group consisting of (a) palladium, (b) platinum and 

rhodium, (c) palladium and rhodium, and (d) platinum, palladium, and rhodium, and 10 to 150 as Ce0 2 per liter of 
the catalyst of ceria. 

14. A method according to claim 13, wherein said three-way catalyst further comprises 0.1 to 50 g as oxide per liter 
40 of said catalyst of at least one member selected from the group consisting of zirconia and rare earth elements 

except for cerium. 

15. A method according to claim 9 wherein additionally a three-way catalyst or oxidizing catalyst is disposed on the 
upstream side of said catalyst for the removal of nitrogen oxides. 

45 

16. A method according to claim 10 wherein additionally a three-way catalyst or oxidizing catalyst is disposed on the 
upstream side of said catalyst for the removal of nitrogen oxides. 

so Patentanspruche 

1 . Verfahren zur Entfernung von Stickoxiden aus einem Abgas, bei dem das Abgas, das eine oxidierende Atmosphare 
aufweist, mit einem Katalysator in Beruhrung gebracht wird, welcher ein feuerfestes anorganisches Oxid und ka- 
talytisch wirksame Komponenten umfasst, wobei die Komponenten 0,1 bis 30 g als Metall pro Liter Katalysator 
55 mindestens eines aus der Gruppe ausgewahlten Edelmetalls, welche aus Platin, Palladium, Rhodium und Ruthe- 

nium oder einer Verbindung des Edelmetalls besteht, und 1 -80 g als Metall pro Liter Katalysator mindestens eines 
aus der Gruppe ausgewahlten Metalls umfassen, welche aus Lithium, Kalium, Natrium, Rubidium, Casium, Beryl- 
lium, Magnesium, Calcium, Strontium und Barium oder einer Verbindung dieses Metalls besteht, wodurch bewirkt 
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wird, dass der Katalysator die Stickoxide in dem Abgas adsorbiert, und sodann ein Gas mit einem Gehalt an 1-10 
Mol einer reduzierenden Substanz pro Mol Stickoxide (als NO), die an dem Katalysator adsorbiert sind, periodisch 
wahrend einer Dauer im Bereich von 0,1 bis 20 Sekunden in Zeitabstanden im Bereich von 10 Sekunden bis 60 
Minuten dem Katalysator in dem Abgas zugefuhrt wird, wodurch das Abgas durch Reduktion der am Katalysator 
adsorbierten Stickoxide gereinigt wird. 

2. Verfahren gemaG Anspruch 1 , bei dem Katalysator ferner 0,1 bis 50 g pro Liter Katalysator mindestens eines aus 
der Gruppe ausgewahlten Schwermetalls umfasst, die aus Mangan, Kupfer, Kobalt, Molybdan, Wolfram und Va- 
nadium Oder einer Verbindung dieses Schwermetalls besteht. 

3. Verfahren gemaG Anspruch 1 oder 2, bei dem die Kapazitat des Katalysators fur die Adsorption von Stickoxiden 
bis zur Sattigung im Bereich von 6-30 mMol pro Liter Katalysator liegt. 

4. Verfahren gemaG einem der Anspruche 1 bis 3, bei dem die reduzierende Substanz eingefuhrt wird, bevor die 
Menge von dem Katalysator adsorbierten Stickoxide 50% der Sattigungskapazitat des Katalysators ausmacht. 

5. Verfahren gemaG Anspruch 1 oder 2, bei dem das Abgas ein Abgas aus einem Innenverbrennungsmotor ist. 

6. Verfahren gemaG Anspruch 5, bei dem die Einfuhrung der reduzierenden Substanz in das Abgas durch Verringe- 
rung des Luft-Kraftstoff-Verhaltnisses im Ansaugsystem des Innenverbrennungsmotors bewirkt wird. 

7. Verfahren gemaG Anspruch 5, bei dem die Einfuhrung der reduzierenden Substanz in das Abgas bewirkt wird, 
indem man ein theoretisches Luft-Kraftstoff-Verhaltnis oder ein reiches Luft-Kraftstoff-Verhaltnis im Ansaugsy- 
stems des Innenverbrennungsmotors schafft. 

8. Verfahren gemaG Anspruch 5, bei dem die reduzierende Substanz zur Einfuhrung in das Abgas aus einer auGeren 
Quelle erhalten wird. 

9. Verfahren gemaG Anspruch 1 , bei dem der Katalysator zur Entfernung von Stickoxiden an der stromaufwarts ge- 
legenen Seite eines oxidierenden Katalysators oder eines Dreiwegekatalysators angebracht ist. 

10. Verfahren gemaG Anspruch 9, bei dem der Katalysator zur Entfernung von Stickoxiden ferner 0,1 bis 50 g pro Liter 
mindestens eines aus der Gruppe ausgewahlten Schwermetalls umfasst, welche aus Mangan, Kupfer, Kobalt, 
Molybdan, Wolfram und Vanadium oder einer Verbindung dieses Schwermetalls besteht. 

1 1 . Verfahren gemaG Anspruch 9 oder 1 0, bei dem der oxidierende Katalysator 0, 1 bis 1 0 g pro Liter Katalysator Platin 
und/oder Palladium und 10-300 g pro Liter Katalysator eines feuerfesten Oxids umfasst. 

12. Verfahren gemaG Anspruch 11, bei dem der oxidierende Katalysator ferner 0,1 bis 150 g pro Liter Katalysator 
mindestens eines Oxids eines aus der Gruppe ausgewahlten Elements umfasst, die aus Seltene Erden-Elementen, 
Nickel, Kobalt und Eisen besteht. 

13. Verfahren gemaG Anspruch 9 oder 10, bei dem der Dreiwegekatalysator 10-300 g pro Liter Katalysator eines 
feuerfesten anorganischen Oxids und katalytische Komponenten umfasst, wobei die Komponenten 0,1 bis 10 g 
als Metall pro Liter Katalysator ein oder mehrere aus der Gruppe ausgewahlte Edelmetalle umfasst, die aus (a) 
Palladium, (b) Platin und Rhodium, (c) Palladium und Rhodium und (d) Platin, Palladium und Rhodium besteht, 
sowie 10-150 pro Liter Katalysator Ceroxid als Ce0 2 . 

14. Verfahren gemaG Anspruch 13, bei dem der Dreiwegekatalysator ferner 0,1 bis 50 g als Oxid pro Liter Katalysator 
mindestens eines Bestandteils umfasst, ausgewahlt aus der Gruppe, welche aus Zirkondioxid und Seltene Erden- 
Elementen mit Ausnahme von Cer besteht. 

15. Verfahren gemaG Anspruch 9, bei dem zusatzlich ein Dreiwegekatalysator oder oxidierende Katalysator an der 
stromaufwarts gelegenen Seite des Katalysators fur die Entfernung von Stickoxiden angeordnet ist. 

16. Verfahren gemaG Anspruch 10, bei dem zusatzlich ein Dreiwegekatalysator oder oxidierender Katalysator an der 
stromaufwarts gelegenen Seite des Katalysators zur Entfernung von Stickoxiden angebracht ist. 
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Revendications 

1 . Un procede pour eliminer les oxydes d'azote d'un gaz d'echappement, dans lequel ledit gaz d'echappement ayant 
une atmosphere oxydante est mis en contact avec un catalyseur comprenant un oxyde non organique refractaire 
et des composants actifs catalytiquement, lesdits composants comprenant de 0,1 a 30 g de metal par litre dudit 
catalyseur d'au moins un metal noble choisi parmi le groupe comprenant le platine, le palladium, le rhodium et le 
ruthenium ou un compose dudit metal noble, et de 1 a 80 g de metal par litre dudit catalyseur d'au moins un metal 
choisi parmi le groupe comprenant le lithium, le potassium, le sodium, le rubidium, le cesium, le beryllium, le 
magnesium, le calcium, le strontium et le baryum ou un compose dudit metal, conduisant ainsi ledit catalyseur a 
adsorber sur celui-ci les oxydes d'azote dans ledit gaz d'echappement et, subsequemment, on introduit par inter- 
mittence un gaz renfermant de 1 a 10 moles d'une substance reductrice par mole desdits oxydes d'azote (sous 
forme de NO) adsorbes sur ledit catalyseur par rapport audit catalyseur pour une duree comprise dans la gamme 
de 0,1 a 20 secondes a des intervalles de temps se situant dans la gamme de 10 secondes a 60 minutes dans 
ledit gaz d'echappement, en purifiant ainsi ledit gaz d'echappement par reduction desdits oxydes d'azote adsorbes 
sur ledit catalyseur. 

2. Un procede selon la revendication 1 , dans lequel ledit catalyseur comprend, en outre, de 0,1 a 50 g par litre dudit 
catalyseur d'au moins un metal lourd choisi parmi le groupe comprenant le manganese, le cuivre, le cobalt, le 
molybdene, le tungstene, le vanadium ou un compose dudit metal lourd. 

3. Un procede selon la revendication 1 ou la revendication 2, dans lequel la capacite dudit catalyseur pour I'adsorption 
des oxydes d'azote jusqu'a la saturation se situe dans la gamme de 6 a 30 m. moles par litre dudit catalyseur. 

4. Un procede selon Tune quelconque des revendications 1 a 3, dans lequel ladite substance reductrice est introduite 
avant que la quantite des oxydes d'azote adsorbes par ledit catalyseur represente 50 % de la capacite de saturation 
dudit catalyseur. 

5. Un procede selon la revendication 1 ou la revendication 2, dans lequel ledit gaz d'echappement est un gaz d'echap- 
pement d'un moteur a combustion interne. 

6. Un procede selon la revendication 5, dans lequel I'introduction de ladite substance reductrice dans ledit gaz 
d'echappement est realisee en abaissant le rapport air-carburant dans le systeme d'aspiration dudit moteur a 
combustion interne. 

7. Un procede selon la revendication 5, dans lequel I'introduction de ladite substance reductrice dans ledit gaz 
d'echappement est realisee en creant un rapport air-carburant theorique ou un rapport air-carburant riche dans le 
systeme d'aspiration dudit moteur a combustion interne. 

8. Un procede selon la revendication 5, dans lequel ladite substance reductrice pour I'introduction dans ledit gaz 
d'echappement est obtenue a partir d'une source externe. 

9. Un procede selon la revendication 1 , dans lequel ledit catalyseur pour I'elimination des oxydes d'azote est installe 
sur le cote amont d'un catalyseur oxydant ou d'un catalyseur a trois voies. 

10. Un procede selon la revendication 9, dans lequel ledit catalyseur pour I'elimination des oxydes d'azote comprend, 
en outre, de 0,1 a 50 g par litre d'au moins un metal lourd choisi parmi le groupe comprenant le manganese, le 
cuivre, le cobalt, le molybdene, le tungstene et le vanadium ou un compose dudit metal lourd. 

11. Un procede selon la revendication 9 ou la revendication 10, dans lequel ledit catalyseur oxydant renferme de 0,1 
a 1 0 g par litre dudit catalyseur de platine et/ou de palladium et de 1 0 a 300 g par litre dudit catalyseur d'un oxyde 
refractaire. 

12. Un procede selon la revendication 11, dans lequel ledit catalyseur oxydant renferme, en outre, de 0,1 a 150 g par 
litre dudit catalyseur d'au moins un oxyde d'un element choisi parmi le groupe comprenant les elements de terres 
rares, le nickel, le cobalt et le fer. 

13. Un procede selon la revendication 9 ou la revendication 10, dans lequel ledit catalyseur a trois voies comprend 
de 1 0 a 300 g par litre dudit catalyseur d'un oxyde non organique refractaire et de composants catalytiques, lesdits 
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composants renfermant de 0, 1 a 1 0 g de metal par litre dudit catalyseur d'un metal ou de metaux nobles choisi(s) 
parmi le groupe comprenant (a) le palladium, (b) le platine et le rhodium, (c) le palladium et le rhodium et (d) le 
platine, le palladium et le rhodium, et de 1 0 a 1 50 g sous forme de Ce0 2 par litre de catalyseur d'oxyde de cerium. 

14. Un procede selon la revendication 13, dans lequel ledit catalyseur a trois voies renferme, en outre, de 0,1 a 50 g 
sous forme d'oxyde par litre dudit catalyseur d'au moins un element choisi parmi le groupe comprenant I'oxyde de 
zirconium et les elements de terres rares, a I'exception du cerium. 

1 5. Un procede selon la revendication 9, dans lequel du catalyseur oxydant ou du catalyseur a trois voies supplemen- 
taire est dispose sur le cote amont dudit catalyseur pour I'elimination des oxydes d'azote. 

16. Un procede selon la revendication 10, dans lequel du catalyseur oxydant ou du catalyseur a trois voies supple- 
mentaire est dispose sur le cot6 amont dudit catalyseur pour I'elimination des oxydes d'azote. 
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